Objective: The study aimed to clarify the seasonal¯uctuations in energy balance and their factors among ricegrowing farmers in Northeast Thailand whose rice production was enough to their food energy demand. Design: Prospective and repeated measurements in the ®eld. Setting: A rain-fed rice-farming village. Subjects: Eight pairs of husband and wife. Interventions: In each of four periods in a year, anthropometry, energy expenditure survey with heart-rate monitoring and minute-by-minute activity recording, and food consumption survey were conducted for each subject for 4 days. Results: The change of body weight was modest but differed signi®cantly (P`0.001) between pre-harvest and post-harvest seasons: 1.3 kg (2.3%) for males, 2.5 kg (4.3%) for females. Total energy expenditure (TEE) uctuated markedly between the 4 seasons (P`0.001 for males and females), but total energy intake (TEI) uctuated to lesser extents (P`0.05 for females only). In relation to energy expenditure, physiological indicators (except respiratory quotient) did not¯uctuate throughout the year but behavioral indicators did. The changes in body weight were signi®cantly correlated with the changes in TEE (r 0.60, P`0.05 for males; r 0.83, P`0.01 for females) but not with the changes in TEI; TEE and TEI were not correlated. Conclusions: The modest seasonal changes in body weight among rain-fed rice farmers in Northeast Thailand were caused by the lack of response of TEI to the change of TEE.
Introduction
Seasonality has recently been recognized as a key aspect in the study of climatic effects on human physiology, fertility, growth, morbidity, mortality and nutritional status as well as food production and work organization, especially in the Third World economies (Ulijaszek & Strickland, 1993) . From the viewpoint of energetics, seasonality is particularly important because it plays signi®cant roles in physical activity, food intake, work capacity and nutritional status (Durnin et al, 1990; Ferro-Luzzi, 1990; Ulijaszek, 1995) .
Review of the literature on energetics, or energy balance between energy intake and expenditure, treating body mass, body fat, basal metabolic rate (BMR) and physical activity in free living populations, has disclosed inconsistent results, despite the common observations that change of body weight, which largely re¯ected energy balance, rarely exceeded 5% in adults, and its extent was larger in males than in females . Some studies revealed that the seasonal¯uctuation of energy balance depended mostly on energy intake, which changed owing to seasonal shortage of food supplied; for instance, in female farmers in Ethiopia, whose body weight changed by 1.6 kg , and in those in rural Benin, whose body weight changed by 1.7 kg (Schultink et al, 1993) .
In contrast, several others suggested signi®cant effects of energy expenditure. In the Hiwi male and female huntergatherers in Venezuela, whose body weight was lower in the wet (busy work) season by 2 kg in either sex, their energy intake was not changed but their energy expenditure signi®cantly increased in the wet season, though among females only (Hurtado & Hill, 1990) . In male and female farmers in Mali, the decrease of body weight by 2 ± 3 kg, more prominent in males, was attributed to the increased energy expenditure in the rainy season despite relatively constant amounts of food consumption across seasons (Adams, 1995) . In male rice farmers in Burma, body weight decreased by 2 ± 3 kg in the monsoon (planting) and harvesting seasons owing to the increase of energy expenditure, even though energy intake increased (TinMay-Than & Ba-Aye, 1985) . These studies suggested that the seasonal change in energy balance is signi®cant even in populations with stable food supply, but the system of energy balance in these cases has not been fully studied.
In this study, the suitable subjects were characterized by freedom from food shortage but¯uctuations in body weight in a year. According to Ferro-Luzzi and Branca (1993) , inhabitants in the climatic zone with 500 ± 1000 mm annual rainfall tend to¯uctuate in body weight. It is unlikely that rice farmers will suffer from shortage of rice because of its ability for long-term storage. Consequently, the rain-fed rice farmers in Northeast Thailand were selected in this study.
Inadequate methodologies for energetic studies in the ®eld studies have made it dif®cult to fully reveal the energy balance; only the report of Ferro-Luzzi et al (1990) on Ethiopian female farmers thoroughly elucidated the relationships between energy intake and energy expenditure, including BMR and physical activity, for the same subjects. In particular, all of the previous studies on seasonal change in energy expenditure (EE) adopted factorial methods, and thus the intra-individual and inter-individual variations in the amount of energy expended in each category of activity were overlooked simply because the same relative metabolic rate was applied to all activities in the same category. To overcome these drawbacks, this study applied heart-rate monitoring, which has been validated by comparison with the doubly-labelled water (DLW) method (Schulz et al, 1989; Livingstone et al, 1990 Livingstone et al, , 1992 Diaz et al, 1991; Heini et al, 1991 Heini et al, , 1996 Emons et al, 1992; Davidson et al, 1992; Lovelady et al, 1993) , to assess energy expenditure in the ®eld condition.
Based on a 13-month ®eld investigation in a rain-fed rice-farming village in Northeast Thailand from August 1995 to August 1996, this study aimed to systematically elucidate energy balance (re¯ected in body weight) by agricultural season, paying attention to the links between food intake and physiological and behavioral indicators in free-living conditions. For this purpose, the study focused on three aims: (1) to reveal the extent of seasonal energetic stress among the subjects, with special interest in occurrence of body weight change, which re¯ects energy intake and expenditure; (2) to examine the factors of body weight change, by breaking down the changes in total energy expenditure (TEE) into its physiological and behavioral components and the changes in total energy intake (TEI) into its proportions in terms of nutrients taken; and (3) to elucidate sex difference in energy balance, with special interest in behavioral patterns that stems from the sociocultural setting.
Subjects and methods

Study area
In Northeast Thailand, the largest ethnic group is Laotians, who are called`Thai-Lao' and account for about one-third of the whole population of Thailand. Per capita revenue in the region is approximately one-third of the national average. The poverty and hardship of farmers in the region stem primarily from the harsh environment: scanty rainfall, poor sandy soils and limited water resources. Because of the increase in population, a vast area has been reclaimed as paddy ®elds since the nineteenth century. From the 1980s, out-migration to the economically developed Central Thailand has increased with shortage of land in the area (Fukui, 1991 (Fukui, , 1993 .
Field work was conducted in one of the last frontier villages, called Ban Sangtae, which had been reclaimed 100 years ago. Ban Sangtae is located on salted sandy land at 100 ± 150 m above sea level. The temperature slightly changes throughout the year and average maximum and minimum temperatures are 28.6 ± 34.8 C and 16.0 ± 24.7 C, respectively. The most remarkable climatic characteristic comes from seasonal change in rainfall; almost all of the annual rainfall, about 1000 mm on average, falls in the rainy season from April to October, with year-to-year uctuation.
In 1994, the study village was inhabited by about 730 persons in 107 households. The inhabitants grow lowland glutinous rice, their staple food, in the rain-fed paddy ®eld and vegetables in the garden for their own consumption, and raise buffaloes (used for tillage), chickens, and (in about half the households) cattle (for selling). Their agricultural calendar accords with yearly farming cycle of rice, which is planted and harvested once a year: May to August for planting and December to January for harvest. Because of the increase of out-migration of the younger generation to urban areas to tend temporary or permanent employment, farming activities have been conducted by villagers of 40 ± 60 years of age. According to the interview of all households, 94% of the households owned land, and average productivity of rice was 1.1 tonnes per ha in 1994. Despite the low productivity of the land, the harvested unhulled rice amounted to 420 kg per capita and met the consumption demanded by all villagers, through occasional exchange or purchase of rice demanded by the households within or beyond the village.
Subjects
Eleven pairs of husband and wife were ®rst selected for the subjects of intensive study to represent the current characteristics of households by the following criteria: (1) farming was the main occupation; (2) at least either a husband or wife was born in this village; (3) both husband and wife were aged from 40 to 55 years; (4) at least one child had been married and migrated out. Since a spouse from each of three households suffered from iodine de®-ciency or heart disease, these three couples were not investigated throughout the duration of the study. For the eight remaining households whose husbands and wives were the subjects of this study, average number of household members was 6.5 AE 1.7 in 1995. They cultivated 2.8 ha on average and their harvest of unhulled rice per person was 500 kg in 1994 and 800 kg in 1995; in 1995 the rainfall was better than in 1994 or other recent years.
The age of the husbands averaged 46.0 AE 4.0 years, ranging from 40 to 52 years, and that of the wives averaged 45.6 AE 4.8 years, ranging from 41 to 54 years. Anthropometric data, typi®ed by body mass index (BMI), demonstrated that the subjects were representative of the general population in this village (for subjects: males 20.3 AE 2.4, females 25.5 AE 1.8; for villagers aged 40 ± 49 years: males 21.9 AE 2.9, females 24.1 AE 3.3). It is noted here that BMI of females was larger than that of males.
Oral consent was obtained after the procedures of this study were explained in detail in local language by one of the authors (N.M.). All of the study procedures were approved by the National Research Council of Thailand.
Study design
After 1-month preliminary survey in May 1995, the main survey was conducted from August 1995 to August 1996; all investigations were conducted by the authors. Depending on the agricultural calendar, which largely determined activity pattern and work load, the measurements of body weight, body composition, energy intake and energy expenditure were conducted in pre-harvest (September ± October), harvest (December ± January), post-harvest (March ± April) and rainy (July ± August) seasons. Each season, 6 ± 7 weeks in total, was divided into two sections: the early 4 ± 5
Seasonal energy balance¯uctuation in farmers in Northeast Thailand N Murayama and R Ohtsuka weeks for the measurements and the last 2 weeks for calibration test to determine the regression line of heart rate (HR) to energy expenditure. At each calibration test, standing height was measured and the mean of four measurements was used for analysis. Each of the 16 subjects was studied for these items in each season, but their BMR was measured only once in January or February 1996. In each season, a husband and wife pair were studied for 4 days including one weekend day or holiday, with interval of about 10 days. All measurements were done in the ®eld by the authors. The study procedure for a day was as follows. A pair of subjects, husband and wife, were visited a few minutes before 06.00 for a health check using a questionnaire, followed by measurements of body weight (all four days) and skinfold thickness (the ®rst and last days). They then were equipped with HR-monitoring apparatus and their activities were observed and recorded minute by minute from 06.00 until 19.30; all food they consumed was measured.
Anthropometry
Anthropometry was performed according to the standard anthropometric technique (Weiner & Lourie, 1969) . In the early morning before a meal, body weight in minimal clothing was measured with a digital balance (UC-300, A & D, Japan) to the nearest 0.05 kg. The cloth was weighed later to provide the unclothed weight. Standing height was measured, to the nearest 1 mm, with a Martin anthropometer on Frankfurt horizontal surface against a wall. Skinfold thicknesses (biceps, triceps, subscapular, suprailiac and abdominal) were measured in triplicate at the left side of the body, to the nearest 0.2 mm, using Holtain skinfold calipers (Holtain Ltd, Briberian, UK) and the three values were averaged for analysis. The four-site skinfold equation of Durnin and Womersley (1974) was used in combination with the equation of Siri (1956) to estimate body fat percentage. Fat-free mass (FFM) was calculated as the difference between each subject's body weight and body fat mass (FM). Body mass index (BMI; kgam 2 ) was calculated.
Energy expenditure
Basal metabolic rate (BMR): BMR was measured once for each subject in January or February 1996, using opencircuit indirect calorimetry with Douglas bag technique (Douglas, 1911) ; the measurements were done only on days when each subject was free from fever heat and, for females, on days out of the menstruation period. On the day preceding the BMR measurement, each subject was asked to accept the author's visit in the early morning about 05.30 before he or she awakened. The measurement was done between 06.00 and 07.00, 10 ± 12 hours after the last meal, in a well-ventilated room with ambient temperature of 19.0 ± 22.0 C. While the subject was lying quietly on bed with blanket, a Rudorufu mask was attached and, after 10 minutes of stabilization with heart-rate monitoring, expired air was collected twice for 10 minutes. The two values were averaged, and when the difference between the two values was larger than 3% (there were only two cases), the measurement was repeated on the following day.
The volume of expired air was measured with dry gas meter with accuracy of AE 0.4% (DC-5A, Shinagawa, Japan); the accuracy was checked in Japan before and after the ®eld study. The concentrations of oxygen and carbon dioxide in expired air were analyzed in duplicate by Scholander technique (Scholander, 1947) , while being calibrated with outside air; the two values, which were within 3% difference in all cases, were averaged for analysis. The gas volumes were corrected to conditions of standard temperature and pressure (STPD) and the energy values were calculated using the equation of Elia & Livesey (1992) :
Individual heart rate (HR): energy expenditure (EE) regression equations: To determine the individual HR ± EE regression line, seven calibration points were obtained by simultaneous measurement of VO 2 and HR under standardized conditions mentioned below. Each subject was instructed to avoid strenuous physical activity on the day of experiment. Calibrations were carried out at least 2 hours postprandially after the subject had rested for 30 minutes in the ®eld laboratory. Calibration points were obtained for the following activities conducted in sequence: lying in the supine position, sitting quietly, standing quietly, walking at 100 stepsamin, and stepping at 15, 20, 25 stepsamin on a 21.5-cm block. A metronome was used to achieve steady-state conditions for walking and stepping exercises. A 3-min preliminary equilibration period was allowed for each activity (5 minutes for lying and sitting), followed by a 2-min sampling period (5 minutes for lying and sitting). A 5-min period was allowed between each of the two activities to stabilize HR and breathing. HR was recorded continuously during the whole equilibration and gas collection periods. Energy values were determined from O 2 consumption and CO 2 production. The calibration point for each activity was determined as the mean of the HR and EE values in the sampling period. Resting metabolic rate (RMR) was calculated as the mean of EE values for lying, sitting and standing.
Heart-rate monitoring: HR was monitored in the freeliving situation with Vantage XL heart-rate monitoring apparatus (Polar Electro, USA), which consists of a transmitter attached to the chest and a small receiver worn on the wrist like a watch. Since the device is 84 g in total, this did not interfere with subjects' activities. The pulse at 1-min intervals was stored in a memory.
Calculation of 24-h TEE from heart-rate monitoring: The relationship between HR and EE was modeled on the basis of a logistic function according to the literature (Dauncy & James, 1979; Li et al 1993) . After the individual HR ± EE relation was determined, EE for each minute was derived from the HR recording using the individual HR ± EE calibration line. TEE was provided by summing the three values: the summed EE values over the recording period from 06.00 to 19.30, the multiple of RMR for 2.5 hours, from 19.30 to 22.00 (the average onset time of sleeping according to the interview), and the multiple of BMR for 8 hours from 22.00 to 06.00.
TEE is divided into two components, 24-h RMR and activity energy expenditure (AEE), which was used for energetic assessment of activities. An indicator called physical activity level (PAL), i.e. TEEa24-h BMR, which has been used widely in energetic studies, was also calculated.
The following ®ve HR indicators were calculated to examine physical activity level: mean HR, mean HRaresting HR, where resting HR was obtained when BMR was measured, percentage of time when HR exceeded resting HR by 25% or 50% (PAHR-25 and PAHR-50, respectively), and percentage of time of HR over 120 bpm (%HR120) (Durant et al, 1993) .
Record of activities: Subjects were followed by the authors keeping a reasonable distance to minimize inteference, from 06.00 to 19.30 throughout the day and their activities were recorded minute by minute.
Food consumption
All foods, including snacks, that were consumed by the subject on the day of observation were weighed. Each foodstuff before cooking, the cooked dish as a whole, the portion served to each individual, and the waste portion of food on the plate were measured, to the nearest 1 g, with a portable beam scale (CS-3000, YMC Co., Ltd, Japan). The energy and nutrient valules of glutinous rice harvested by the eight subject households were determined in the laboratory in Japan. For other foodstuffs, published tables of food composition (FAO & US Department of Health, Education and Welfare, 1972; Ministry of Public Health of Thailand, 1987; Japanese Resources Council, 1996) were applied to estimate energy and nutrient values contained.
Statistical analyses
Since intra-season variation of each subject's data was smaller than inter-season variation (mean of intra-season CV of body weight was 0.8% in males and in females, and that of inter-season CV was 1.6% in males and 2.1% in females), the mean of four measurements (two measurements for skinfold thickness) in each season was calculated by each subject, and the data were expressed as mean AE s.d. by sex. Comparison of the means of data obtained in the four seasons was done by repeated-measures analysis of variance (ANOVA). When repeated-measures ANOVA revealed signi®cant differences, a contrast test was used.
The sexual variation in the changes of body weight was tested by analysis of variance (ANOVA). The seasonal variation of the calibration curve was tested by analysis of covariance (ANCOVA). The relationships between the changes in body weight, TEE and TEI were analyzed with Pearson's correlation coef®cient.
The statistical analyses were conducted using the SPSS 7.5J for Windows (SPSS Inc.). In the statistical analyses, the null hypothesis was rejected at the 0.05 level of probability.
Results
Seasonal changes in body weight, fat mass (FM), and fatfree mass (FFM) The repeated measurements of body weight and body composition are shown in Table 1 . The mean body weight¯uctuated throughout the year (P`0.001), with lower values in pre-harvest, harvest and rainy seasons for males (54.9, 55.1 and 55.1 kg) and in pre-harvest and harvest seasons for females (57.2 and 57.7 kg), and the highest in post-harvest season for males (56.2 kg) and females (59.6 kg), implying a difference in a year up to 1.3 kg (2.3%) for males and 2.5 kg (4.3%) for females. It was also observed that the changes of body weight accorded with those of FM for males and those of both FM and FFM for females. As shown in Figure 1 , the magnitude of each subject's changes in body weight was not related to sex but to body mass index (BMI).
Energy expenditure BMR:
The results of BMR measurements are shown in Table 2 . The mean BMR of males was 5.53 MJaday, and that of females was 5.09 MJaday. These values were similar to those calculated from the equation of Henry & Rees (1991) based on body height and weight, but were lower than those calculated from FAOaWHOaUNU (1985) , also based on body height and weight.
Calibration curve: The relationships between HR and EE at the calibration tests in the four seasons were compared. 
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The ANACOVA revealed that the adjusted mean EE values in pre-harvest season differed from those in other seasons for males, as shown in Table 3 (P`0.05). It was considered that there was an arti®cial elevation of HR in the ®rst calibration test, presumably because the subjects, males in particular, suffered from undue tension. Thus, these measurements were not used in the following analyses. Except for these data, there was no signi®cant change in HR, EE and EEaHR among the seasons. The slope of EE against HR was steeper for males than for females.
TEE and components of TEE:
The components of TEE, i.e. RMR and AEE, are shown in Physical activity level and duration of each activity: As shown in Table 4 , PAL was lowest in the post-harvest season (males 1.99; females 1.66) and higher in harvest and rainy seasons (males 2.24 and 2.36; females 1.87 and 1.97). Mean daytime HR values¯uctuated throughout the year (P`0.001); lower values were observed during pre-harvest Figure 1 Scatterfram between changes in body weight (kg) and body mass index (BMI) from pre-harvest to post-harvest seasons (r0.05). Based on an equation calculated from weight and height (FAOaWHOaUNU, 1985) . b Based on an equation calculated from weight and height (Henry & Rees, 1991) . Table  6 . Mean duration out of village¯uctuated throughout the year (P`0.001), with lower values in pre-harvest and postharvest seasons (males 144 and 123 min; females 46 and 48 min) and higher values in harvest and rainy seasons (males 376 and 434 min; females 219 and 306 min). The differences were mostly derived from time spent in agricultural work, which was signi®cantly longer in harvest and rainy seasons than in pre-harvest and post-harvest seasons (P`0.001). Figure 2 , signi®cantly lower RQ values were observed in the postharvest season for walking in both males and females, and for sitting, standing and stepping at 15 stepsamin for females (P`0.05 for all cases).
RQ (respiratory quotients): As shown in
Energy intake
The TEI and each macronutrient's contribution to it in the four seasons are shown in Table 7 . Inter-season differences of mean TEI were signi®cant (P`0.05) for females between pre-harvest and harvest seasons and between harvest and rainy seasons ( 1.08 MJ and 7 0.69 MJ, respectively), but not for males (between harvest and post-harvest seasons, 7 0.29 MJ, NS). These differences for females were mostly attributed to the change of carbohydrate intake. Regarding relative contributions of macronutrients to TEI, a large proportion of carbohydrate (82 ± 85%) and a small proportion of fat (5 ± 7%) were prominent. In terms of the seasonality of energy intake, the proportions of each macronutrient were almost steady.
Relationships among changes in body weight, TEE, and TEI The magnitude of body weight change was signi®cantly correlated with energy balance for males and females Mean values with unlike superscript letters were signi®cantly different at P`0.05. Statistical analyses were based on comparison among harvest, post-harvest and rainy seasons. Resting HR, heart rate when BMR was measured. PAHR-25, percentage of heart rates 25% above resting HR; PAHR-50, percentage of heart rates 50% above resting HR; %HR120, percentage of minutes when HR b 120. Seasonal difference was analyzed by repeated measures ANOVA: *P`0.05, **P`0.001.
Mean values with unlike superscript letters were signi®cantly different at P`0.05.
Seasonal energy balance¯uctuation in farmers in Northeast Thailand N Murayama and R Ohtsuka (males, r 0.57, P`0.05; females, r 0.67, P`0.01, not presented). Correlations between each pair of the changes in body weight, TEE and TEI were examined. Of the relationships between the changes in body weight and TEE ( Figure 3 ) and between the changes in body weight and TEI (not presented), the former was signi®cant (males, r 7 0.60, P`0.05; females, r 7 0.83, P`0.01), but the latter was not (males, r 0.02, NS; females, Figure 3 Relationship between change in body weight and change in TEE from harvest to post-harvest and from post-harvest to rainy seasons (r 7 0.60, P`0.05 for males; r 7 0.83, P`0.01 for females).
Figure 4 Relationship between change in TEI and changes in TEE from harvest to post-harvest and from post-harvest to rainy seasons (r 0.04, NS for males; r 0.23, NS for females).
Seasonal energy balance¯uctuation in farmers in Northeast Thailand N Murayama and R Ohtsuka (males, r 0.04, NS; females, r 0.23, NS), as shown in Figure 4 .
Discussion
This study con®rmed the existence of seasonal changes in energy balance and body weight among rain-fed ricegrowing farmers, whose food energy from rice was adequately provided by local produce. The most important ®nding was that their body weight change was caused by the constant TEI and the signi®cantly¯uctuating TEE. Discussion begins with methodological assessment, particularly on feasibility of the HR monitoring method that was applied to this study. Then, the central themes of this study, i.e. the relationships of changes in body weight, TEE and TEI and their causes, are discussed. Finally, discussion of the sex difference in the magnitude of body weight change is provided.
Methodological assessments
This is the ®rst trial to use a HR monitoring method in the study of seasonality of energy balance. Although TEE estimated by the HR monitoring method has been validated by the DLW method, the reliability of HR measurements, in comparison with EE, has been under debate, and the major concern relevant to this problem has been the validity of estimation of calibration curve.
Many kinds of calibration curves have been used for calculating EE from HR by different researchers. In the¯ex HR method type A, the¯ex point is set at the mid-point of the mean HRs of sitting and walking (Heini et al, 1996) . For the¯ex HR method type B, the¯ex point is set at the mid-point of the highest HR in standing and the lowest HR in exercise activities (Livingstone et al, 1990; Leonard et al, 1995) . The log-linear regression of EE (log ii) on HR (Acheson et al, 1980; Kashiwazaki et al, 1985; Schulz et al, 1989; Kim et al, 1991; Bianca et al, 1994) , and logistic regression of EE on HR (Dauncy & James, 1979; Li et al, 1993) have also been used. Of these, the¯ex HR methods (either of the two types) have ambiguities in determining the¯ex points that markedly in¯uence the estimated levels of EE; and the log-linear regression method tends to overestimate EE in high HR ranges. In fact, the seven sets of EE and HR values for each subject were better ®tted to a logistic function, and the TEE values estimated by logistic function were intermediate among those by the four methods in question. Thus, the adoption of logistic regression method was judged to provide reasonable levels of TEE, though the physiological feasibility of estimation of EE in high-HR ranges remains to be debated.
There are two further points concerning the HR monitoring method. Relationships between HR and EE observed in any of the three seasons other than except pre-harvest season coincided with the HR ± EE curve as suggested by previous studies in which the values measured twice for the same subject, using HR monitoring method (Li et al, 1993; McCrory et al, 1997) . The present results suggest that the calibration curve hardly changes and is accurate enough to be analyzed under, at minimum, the condition of change of energy balance, i.e.`5% in body weight change. Regarding the applicability of the HR monitoring method to individuals, comparison between this method and the DLW method has disclosed large differences in the estimated or measured values at an individual level. In this study, however, the extents of intra-individual changes in TEE were comparable with those of body weight change, so that this method is judged useful for assessing intra-individual differences in energy expenditure.
Finally, the higher RQ in the calibration test of this study than RQ in the fasting state is notable. This difference is considered to have come from the experimental setting in which the former RQ values were measured 2 hours after breakfast, when a large amount of carbohydrate was taken. Since the time between breakfast and measurement was same on all occasions, however, the comparison of RQ values among the seasons was judged valid.
Energetic assessments of seasonality Among the subject farmers, TEE changed according to the change in AEE, which was conditioned by agricultural work, whereas TEI scarcely changed under conditions of no shortage of food throughout the study. The resultant change in energy balance caused changes in FM and body weight. This ®nding that the changes in body weight were caused by change not in FFM but in FM was consistent with the stable RMR throughout the year. In this regard, the fact that decrease of RQ occurred when FM increased is explainable by the hypothesis that RQ is enhanced by increased FM and this process contributes to the longterm regulation of fat and energy balance (Schutz et al, 1992) ; there was supporting evidence in Gambian men that a lower level of 24-h RQ was observed when body weight increased (Minghelli et al, 1991) .
The main ®nding of this study, that TEI is constant and TEE¯uctuates according to season, is considered in relation to experimental ®ndings for animals and humans. According to Barry & Routh (1996) , the brain is the primary center of energy balance and body weight regulation, through mechanisms for sensing the energy status of the body using neural and metabolic signals of glucose, insulin and leptin in particular. Recently, an experimental study has revealed the relationship of energetics and eating behavior for humans and supports the present ®ndings; a study of energy balance and eating behavior for a short period, i.e. 1 ± 2 days, during exercise and without restriction of food supply, demonstrated that TEI scarcely increased when energy de®ciency was caused by increase of energy expenditure (King et al, 1994; . The present ®ndings suggest that this behavioral pattern lasts for a longer period of 1 or 2 months. There are two possible explanations why the present subjects did not increase food intake when they were in negative energy balance for a long period. One is the decrease of appetite by hormonal change after very hard work, as suggested in a study of persons in a developed country who were exposed to exercise (King et al, 1997) . The values of PAL (and TEE) varied from 1.99 (10.90 MJ) in the post-harvest season to 2.24 ± 2.36 (12.32 ± 13.07 MJ) in harvest and rainy seasons for males and from 1.66 (8.49 MJ) to 1.87 ± 1.97 (9.45 ± 9.91 MJ) for females. According to international grading (FAOaWHOaUNU, 1985) , these values in the harvest and rainy seasons correspond to very heavy PAL both for males and females and were similar to PAL (2.2 for males and 2.0 for females) of farmers in Nepal whose energy expenditure was recognized as extremely high, especially in males (Panter-Brick, 1996a) . The higher activity level and larger negative energy balance in males Seasonal energy balance¯uctuation in farmers in Northeast Thailand N Murayama and R Ohtsuka compared with females in the present study suggest there is some critical level of activity that decreases the appetite.
Another explanation comes from the absolute limitation for amount of food consumed; rice, their staple food, contains about 1 MJ per 100 g. In the energy-consuming harvest and rainy seasons, an adult male should eat 1000 g of rice (1500 g of cooked rice) per day to compensate for TEE; in these seasons, the subject villagers sometimes take meals twice a day, to spend as much time as possible in farming. It is dif®cult for a male with an average 55 kg body weight to eat 750 g of cooked rice in one meal. It was suggested that appetite and eating behavior were largely in¯uenced by conditions other than energy status, even for a relatively long period. But the reason why the present subjects did not decrease food intake when they were in positive energy balance for a long period is unclear. The mechanisms by which humans stop eating according to their environment needs to be studied to elucidate this result.
Finally, sex difference in the magnitude of body weight change is discussed. This study does not support the pattern observed in the majority of previous studies that the body weight change is smaller in females than in males (Rosetta, 1986; Dettwyler, 1992; Branca et al, 1993; Adams, 1995; Panter-Brick, 1996b) . One of the reasons for this disagreement is supposed to be lower BMI in males than in females among the subjects of the present study. In fact, the low-BMI subjects of either sex changed their body weight less than the high-BMI subjects, as revealed in several studies Schultink et al, 1993; Panter-Brick, 1996b) . Thus, the factors causing sex difference in body weight change need to be reconsidered in relation to the physique. The lower BMI for males can be explained by their longer time spent on heavy work, compared with females. Of energyconsuming work, plowing is exclusively done by males and transport of large bundles of harvested rice is done by males more often than females. Furthermore, work hours out of the village are longer for males than for females (in agricultural seasons, 6 ± 7 hours for males and 4 ± 5 hours for females; in other seasons, 2 hours for males and 50 minutes for females).
